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Abstract: In recent year, desertification has become one of the most important environmental hazards all 
over the world, especially in developing countries such as Iran. Understanding the factors impacting on 
desertification and identifying the regions with high desertification potential are essential to control this 
phenomenon (i.e., desertification). The life cycle assessment (LCA) method is essential in assessing the 
desertification of ecosystems, especially for susceptible ecosystems with high degradation risks. The aim of 
the present study was to evaluate the desertification potential of Lorestan Province, Iran, based on the LCA 
method. We selected aridity, fire and dust as three indicators of desertification and collected data from 2000 
to 2015. We divided the study area into 6 types of ecoregions according to the climate types (arid, semi-arid 
and dry sub-humid) and dominant species (Quercus brantii and Astragalus adscendens), and calculated the 
characteristic factor (CF) of each indicator (aridity, fire and dust) by combining the indicator layers and 
ecoregion layer of the study area. In a given ecoregion, the sum of CF values of aridity, dust and fire 
indicators represents the life cycle inventory (LCI) desertification value (the higher the LCI value, the greater 
the desertification potential). Then, we obtained the desertification potential map by combining and 
overlapping the ecoregions and the normalized indicators based on the LCA method. Aridity and fire 
exhibit significant impacts on desertification in the study area compared with dust. In the study area, 
semi-arid ecoregion with Quercus brantii as the dominant species is the largest ecoregion, while arid ecoregion 
with Quercus brantii as the dominant species is the smallest ecoregion. Arid ecoregion with Astragalus 
adscendens as the dominant species (LCI desertification value of 1.99) and dry sub-humid ecoregion with 
Quercus brantii as the dominant species (LCI desertification value of 0.79) show the highest and lowest 
desertification potentials, respectively. Furthermore, arid ecoregion with Quercus brantii as the dominant 
species also has a higher LCI desertification value (1.89), showing a high desertification potential. These 
results suggest the necessity of proper management and appropriate utilization in these ecoregions. In 
general, assessing desertification potential using the LCA method on a local and regional scale can possibly 
provide a new methodology for identifying and protecting areas with high degradation risks. 
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1 Introduction 


In the text of the United Nations Convention to Combat Desertification (UNCCD), desertification 
has been defined as "land degradation from various factors, including climatic variations and 
human activities". Desertification is a consequence of land degradation and occurs when some land 
components are degraded beyond the specific thresholds, leading to irreversible changes in the 
environments (Mainguet and Da Silva, 1997). This phenomenon is one of the main environmental 
problems for sustainability in arid, semi-arid and dry sub-humid areas (Fuchs, 2008). Therefore, 
understanding the factors impacting on desertification and identifying the regions with high 
potential risks of desertification are of significant importance in controlling this phenomenon (Ait 
et al., 2018). Indicators of desertification may demonstrate the current status and future potential of 
desertification. These indicators are regulated by the dimensions of sustainable development: 
biophysics, economy and society (Nunez et al., 2010). 

Since desertification is not closely related to the ecosystem itself, the proper ecosystem 
management is of high necessity for desertification mitigation, especially in high risk and 
susceptible regions (Akbari et al., 2016). However, it should be noted that identifying sensitive and 
vulnerable ecosystems is rarely considered in commonly used desertification assessment models. 
Thus, advanced assessment methods, such as life cycle assessment (LCA) methodology, may be a 
major tool in desertification assessment studies (Pavan and Ometto, 2016; Vidal Legaz et al., 2017; 
De Rosa, 2018). 

LCA is a method to evaluate the environmental impacts associated with a product, a process or a 
production system (Cowell and Clift, 2000; Nunez et al., 2010). LCA method comprises 4 main 
phases: goal and scope definition, inventory analysis, impact assessment and interpretation (ISO, 
2006). This method was initially developed for environmental assessments of industrial systems. It 
was later considered as a potent tool that can be applied to evaluate agricultural production systems 
(Guinée et al., 2006; Tang et al., 2018). For example, organic and conventional agricultural 
production systems have been assessed comparatively by using the LCA method (Clark and Tilman, 
2017). Several studies have been conducted for identifying the possible use of the LCA method in 
assessing the land use quality, soil disturbance, water consumption, wind erosion, soil salinization 
and multiple indicators affecting land degradation (Bauer et al., 2007; Scholz, 2007; Schmidta et al., 
2015; Vidal Legaz et al., 2017). Within the last decade, some efforts have been made to integrate 
the desertification into the LCA method (Emilia and Luiz, 2006; Nunez et al., 2010). In this regard, 
LCA is considered as an important environmental assessment tool that can be used to measure the 
vulnerability of the ecosystem to desertification (Shiravi et al., 2016). Therefore, LCA, as an 
important environmental assessment tool, plays a key role in assessing the desertification of 
ecosystems by establishing a suitable framework using effective indicators (Koellner et al., 2013). 
To our knowledge, however, few studies have been conducted on assessing the desertification 
potential with the LCA method. Nunez et al. (2010) were the first who evaluated the life cycle of 
desertification phenomenon as an environmental effect at the world scale. Specifically, they 
evaluated the desertification phenomenon by scaling the variables such as aridity, fire, erosion and 
groundwater. Klopffer and Curran (2014) confirmed the lack of considering the desertification 
issue in the LCA studies by focusing on challenges and gaps in this method. They also mentioned 
that the Nunez method in the study of Nunez et al. (2010) should be considered at a local scale to 
incorporate the desertification phenomenon into the LCA method. Furthermore, at the local scale, 
Shiravi et al. (2016) and Shiravi and Sepehr (2017) evaluated the sensitivity of ecoregions in 
Khorasan Razavi Province (Iran) using the LCA method based on 6 main indices, including aridity 
coefficient, land use, wind erosion, soil erosion, soil salinity and vegetation. Their results indicated 
that about 43.5% of the region is susceptible to soil erodibility, and cold hyper-arid and cold arid 
desert ecoregions show a high range of sustainability to desertification. 

In recent years, desertification phenomenon in Lorestan Province of Iran has been increasingly 
serious due to frequent occurrences of drought (Haavik et al., 2015; Attarod et al., 2017; Hosseini 
et al., 2017), deforestation, unsustainable land management (Soheili and Naji, 2017), fire events 
(Mirzaei, 2016) and dust storms. Severe dust storms frequently occur in Lorestan Province of Iran 
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due to vast desert areas in neighboring countries such as Iraq and Syria (Moradi et al., 2017). The 
changed environments caused by dust storms have a profound influence on the physiological, 
biochemical and morphological characteristics of plants and therefore their responses (Prabhat and 
Lalita, 2014). Furthermore, fire also directly affects the physiological, biochemical and 
morphological characteristics of plants in natural ecosystems and indirectly causes soil changes by 
modifying floral communities (Aref et al., 2011; Heydari et al., 2017). 

Considering the importance of the issues and problems caused by desertification, the aim of the 
present study was to evaluate the desertification potential in Lorestan Province based on the LCA 
method using aridity, fire and dust as three indicators of desertification. The highlight of the present 
study is that this is the first time to use the dust indicator as one of the effective factors in 
desertification assessment through the LCA method in Iran. 


2 Materials and methods 


2.1 Study area 


Lorestan Province (37°34'N, 46°51'E; Fig. 1) with an area of approximately 28x 10° km? is located 
in the western part of Iran. The area is characterized by a semi-arid climate, with the maximum and 
minimum temperatures of 47.4°C and —35.0°C, respectively. Mean annual precipitation is 550—600 
mm, with most of the annual precipitation falling in winter season from October to March. In the 
northern regions of Lorestan Province, snowfall is the dominant type of precipitation, but in the 
southern regions, rainfall is the dominant. The mean elevation in the province is more than 2200 m 
a.s.l., with the lowest and highest elevations of 239 m a.s.l. in Puldokhtar City and 4080 m a.s.]. in 
Oshtorankuh Mountain, respectively. 

The vegetation in Lorestan Province is mainly composed of forest trees and rangeland grasses, 
with forestlands and rangelands covering areas of 750 and 1250 km”, respectively. The dominant 
species in the forestlands are Quercus brantii (oak), Fraxinus excelsior (ash) and Juniperus 
communis (common juniper), while the dominant species in the rangelands are Astragalus 
adscendens (yellow vetch) and Artemisia herba-alba (white wormwood). Agriculture and 
husbandry are the two income sources in the province (Pahlavani et al., 2017). Agricultural lands 
are mostly located in the southern, southwestern and western parts of the province. In these areas, 
due to insufficient precipitation, agricultural activities rely mainly on groundwater. 
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Fig. 1 Location of Lorestan Province in Iran (a) and an overview of the province (b) 


2.2 Methodology 


The first step of the LCA method is determining the goal and scope. In this step, the aims of the study, 
the types of required indicators, the collection methods of data and the boundary of systems are 
identified. In terms of the aims in the first step, Lorestan Province was selected as the study area in 
the present study. Then, the required indicators were selected and introduced. Aridity, fire and dust 
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were selected as the main effective indicators of desertification. Thereafter, the data related to each 
indicator were gathered and quantified. Figure 2 depicts the flowchart of the LCA method in the 
current study. 


Step 1: Data collection and 
quantification of data | 
rae © a Vegetation 
Aridity 
index map 


Step 2: Preparation of 
| ecoregion map 
Step 3: Estimation of | 
characteristic factors 


Characteristic 
factor of aridity 
Characteristic 
factor of fire 
Characteristic 
factor of dust 


Fig. 2 Diagram of the life cycle assessment (LCA) method used in this study 


2.3 Aridity index assessment and ecoregion mapping 


The ecoregion is defined as a large area of the Earth's surface with similar ecosystem features 
(Bailey, 2014). The ecological changes always result in variations in the hydrological cycle, erosion 
and biological cycle. It should be noted that climate is one of the most important factors in the 
determination of ecological boundary (Bailey, 1996). This means that different ecological 
communities will form under different climate conditions. Based on the definition of the UN (1994), 
arid region with life cycle inventory (LCI) value of 3 is very susceptible to desertification risk 
(Table 1). In the present study, we calculated the aridity index based on Transeau coefficient 
(Transeau, 1905) by Equation 1. The detailed classification of aridity index is shown in Table 1. 

I =P/PET, (1) 


where Z is the aridity index; P is the average annual precipitation (mm); and PET is the average 
annual potential evapotranspiration (mm), which is calculated by the Thornthwaite equation 
(Thornthwaite, 1948). 


Table 1 Classification of aridity index (Nunez et al., 2010) 


Estimation value range of aridity index Climate classification LCI desertification value 


0.05-0.20 Arid 3 
0.20-0.50 Semi-arid 2 
0.50-0.65 Dry sub-humid 1 
0.65-0.75 Humid 0 

>0.75 Very humid 0 


Note: LCI, life cycle inventory, which is a dimensionless parameter. The higher the LCI value, the greater the desertification potential. 


Then, the values of aridity index were interpolated using ArcGIS 10.3 software and Inverse 
Distance Weighting (IDW) method (with the power of 2), which resulted in a raster layer of aridity. 
The IDW method with mean aridity index of 0.012 and RMSE of 0.1 showed that it is a better 
zoning approach. The dominant vegetation map of the study area in 2016 was prepared using the 
vegetation map obtained from the Department of Natural Resources and Watershed of Lorestan 
Province. Finally, the ecoregion map of the study area was produced by combining the digital 
layers of aridity and the dominant vegetation map. 
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2.4 Fire indicator 


Fire is one of the most dangerous factors in the destruction of natural ecosystems (Rafiei et al., 
2015), which can further cause desertification (Cochrane, 2003). In recent years, the frequent 
occurrence of fires has led to the destruction of natural ecosystems in Lorestan Province. According 
to the report of the Department of Natural Resources and Watershed of Lorestan Province, about 
890 natural fire events occurred in an area of more than 15.0x10° hm? from 2005 to 2015. To 
precisely understand the fire as an indicator of desertification, we obtained the total fire area of 
each ecoregion according to the fire area of each county in Lorestan Province (Table 2). The fire 
area of each county was collected from the Department of Natural Resources and Watershed of the 
Province. Then, we calculated the ratio of fire area to the total area for each county. In the next step, 
we prepared a digital layer of fire risk using a vector to raster data conversion function based on the 
ratio of fire area to the total area in ArcGIS 10.3 software. Afterward, the digital layer of fire risk 
for each county was normalized using Equation 2. Then, the value of this variable (fire risk) was 
combined with ecoregion map using the algebraic summation function of vector layers. The 
prepared layer indicates the map of fire risk in each ecoregion. 


X*=(X -X ain )/ (Xmax -X mn) (2) 


where X* is the normalized fire risk value; X is the layer of fire risk; and Xmax and Xmin are the 
maximum and minimum values in the layer, respectively. 


Table 2 Fire area in Lorestan Province during the period 2005-2015 


County name County area (x10? hm?) Fire area (hm?) 
Selseleh 157.3 429.3 
Aligudarz 530.1 384.1 
Azna 140.4 860.5 
Boroujerd 167.6 567.0 
Dorood 138.8 2807.0 
khoramabad 631.6 990.0 
Koohdasht 403.0 4030.0 
Delfan 273.8 3661.0 
Poldokhtar 386.3 340.0 


Note: All the data were obtained from the Department of Natural Resources and Watershed of Lorestan Province, Iran. 


2.5 Dust indicator 


Given the negative effect of dust phenomenon on ecosystems and the important role of dust in the 
intensification of environmental degradation process, we considered dust as one of the main 
indicators of desertification (Xu, 2006). In order to evaluate the effect of dust on the desertification 
of the study area, we obtained the daily data of this indicator for the study period 2000-2105 from 
the Meteorological Organization of Iran. In the current study, a day that the horizontal vision is less 
than 10 km in synoptic stations was defined as the dusty day (Khosh-Kish et al., 2010). In order to 
calculate the dusty days, we firstly identified the days with horizontal vision of less than 10 km for 
each synoptic station. Then, we calculated the frequency of dusty days per year for the period 
2000-2105 (Table 3). Next, we interpolated these values using the IDW method (with the power of 
2) by ArcGIS 10.3 software. For this indicator, the IDW method with mean error of 12.33 and 
RMSE of 88.15 showed that it is a suitable zoning approach. Finally, we normalized the values of 
this indicator to divide the ecoregions and calculate the dust-induced desertification risk. 


2.6 Assessment of desertification potential based on the LCA method 


In the life cycle impact assessment step, the classification and identification of LCI-based 
environmental effect were performed by considering the goal and scope of this study. For the 
assessment of desertification potential based on the life cycle, it is necessary to calculate the 
characteristic factor (CF) for each of the three indicators (aridity, fire and dust). It should be noted 
that the CF can represent the effect of selected indicator on desertification potential. In order to 
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Table 3 Frequency of dusty days in synoptic stations in Lorestan Province during the period 2000-2015 


Synoptic station Latitude Longitude Frequency of dusty days (d/a) 
Selseleh 33.8°N 48.3°E 254 
Aligudarz 33.4°N 49.7°E 130 
Azna 33.5°N 49.4°E 258 
Boroujerd 33.9°N 48.7°E 90 
Dorood 33.5°N 49.0°E 95 
khoramabad 33.4°N 48.3°E 59 
Koohdasht 33.5°N 47.7°E 147 
Delfan 34.0°N 48.0°E 191 
Poldokhtar 33.2°N 47.7°E 68 


Note: All the data were obtained from the Meteorological Organization of Iran. 


calculate the CF value, we combined the ecoregion map and the provided layers of each indicator 
using ArcGIS 10.3 software. The detailed calculation process of CF can be found in Nunez et al. 
(2010). In the life cycle impact assessment step, each of the selected indicators was quantified and 
the LCI desertification of each ecoregion can be calculated by Equation 3 (Nunez et al., 2010). 

LCI desertification value=CF value of aridity+CF value of fire+CF value of dust, (3) 
where LCI desertification is the desertification risk for the life cycle impact step. The higher the 
LCI value, the greater the desertification potential. 

Summing the desertification risk values of the mentioned indicators through the UN-based 
definition (UN, 1994) of desertification potential reveals that the higher the value of desertification 
risk, the greater the desertification potential. 


3 Results 


The spatial distribution of climate types in Lorestan Province is presented in Figure 3a. By 
calculating the aridity index, we divided this area into three climate-dominated regions including 
arid (area of 2.43x10° km? and area percentage of 8.62%), semi-arid (area of 11.65x10* km? and 
area percentage of 40.99%) and dry sub-humid (area of 14.21<10° km? and area percentage of 
50.39%) regions. Considering the UNCCD definition and the results of aridity index, we concluded 
that all parts of the study area were susceptible to decertification risk. Figure 3b shows the spatial 
distribution of dominant species in the study area. In terms of vegetation cover, we identified two 
dominant species: Quercus brantii and Astragalus adscendens, with the covering areas of 
11.1910? and 5.61103 km”, respectively. 


(a) 


Climate type Species \ 
Ml Arid E Astragalus adscendens 
E] Semi-arid 0 40 80km [2] Quercus brantii 

E Dry sub-humid L] No vegetation 


Fig. 3 Spatial distributions of climate types (a) and dominant species (b) in the study area 


We further divided the study area into 6 types of ecoregions based on aridity index and dominant 
species using the Bailey method (Bailey, 1996). The results are shown in Figure 4. Semi-arid 
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ecoregion with Quercus brantii as the dominant species had an area of 6.49x103 km’, which was 
the largest ecoregion in the study area. In contrast, arid ecoregion with Quercus brantii as the 
dominant species was the smallest in the study area. 


Pz 


Ecoregion , 
ZZA Dry sub-humid (Astragalus adscendens) te, 
Dry sub-humid ( Quercus brantii) 2 > 
Semi-arid (Astragalus adscendens) QOS 
ZA Semi-arid Quercus brantii ) S 
E} Arid (Astragalus adscendens) 
RZJ Arid (Quercus brantii) 


C] No vegetation 0 ahs 80 km 


Fig. 4 Ecoregion map based on aridity index and dominant species in Lorestan Province 


The zoning maps of the study area in terms of aridity, fire and dust indicators are depicted in 
Figure 5. The highest aridity index range was 0.52-0.62 and the lowest aridity index range was 
0.06-0.22 (Fig. 5a). The areas with these two aridity index ranges were 12.00x10° and 3.24x10? 
km?, respectively (Table 4), belonging to the arid and dry sub-humid climate classes. 


(a) yn © 
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Fig. 5 Zoning map of the study area in terms of aridity, fire and dust indicators. (a), mean aridity value during the 
period 2000-2015; (b), mean fire risk value during the period 2000-2015; (c), total dusty days during the period 
2000-2015. 


In terms of fire indicator, the western and southwestern parts of the study area had higher fire 
risk values than the southeastern and northern parts (Fig. 5b). Fire risk extent of 0.400—0.690 
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covered a total area of 11.75x10° km? (the largest in the study area), accounting for 41.52 % of the 
study area (Table 4). However, the smallest area (area of 3.25x10° km? and area percentage of 
11.48%) corresponded to the fire risk extent of 0.072—-0.270. The total dusty days of 704-795 d 
during the study period 2000-2015 were observed in an area of 8.49x10? km? (the largest in the 
study area), accounting for 29.99% of the study area (Table 4). Moreover, the total dusty days of 
930-1160 d during the study period 2000-2015 were observed in an area of 8.49x10° km? (the 
largest in the study area), accounting for 5.70% of the study area. 


Table 4 Estimates of value range, area and area percentage for aridity, fire and dust indicators 


Aridity Fire Dust 
Aridity Area Area percentage Fire risk Area Area percentage Dusty days Area Area percentage 
index («103 km’) (%) (x10 km?) (%) (d) (x10? km’) (%) 
0.06-0.22 3.24 11.46 0.000-0.072 5.30 18.75 481-616 4.80 17.30 
0.22-0.33 3.43 12.12 0.072-0.270 3.25 11.48 616-704 7.89 27.87 
0.33-0.44 3.62 12.79 0.270-0.400 4.13 14.59 704-795 8.49 29.99 
0.44-0.52 6.01 21.24 0.400-0.690 11.75 41.52 795-930 5.42 19.14 
0.52-0.62 11.99 42.37 0.690-1.040 3.86 13.65 930-1160 1.61 5.70 


Figure 6 shows the spatial distributions of CF values of the three indicators and the LCI 
desertification value and Table 5 exhibits the CF values of these indicators and the LCI 
desertification value for the 6 types of ecoregions of Lorestan Province. The results indicated that 
arid ecoregion with Astragalus adscendens as the dominant species had the largest LCI 
desertification value (1.99), and the CF values for aridity index, fire risk and dusty days in this 
ecoregion were 0.85, 0.89 and 0.25, respectively (Table 5). In terms of aridity and fire indicators, 
this type of ecoregion showed a higher desertification potential than other types of ecoregions. Arid 
ecoregion with Quercus brantii as the dominant species also had a higher LCI desertification value 
(1.89), and the CF values for aridity, fire and dust indicators were 0.81, 0.84 and 0.24, respectively. 
Moreover, the lowest LCI desertification value (0.79) was related to dry sub-humid ecoregion with 
Quercus brantii as the dominant species. This ecoregion had the lowest CF value (0.19) for fire 
indicator. 


4 Discussion 


Generally, one of the main advantages of the LCA method in investigating the environmental 
impacts is its flexibility in choosing the type and number of indicators. The study area has 
experienced severe environmental damages, due to its vicinity to the source of dust. Although the 
source of dust is mainly from neighboring countries, such as Iraq and Syria, the present study 
considered dust as one of the major desertification indicators in Lorestan Province. In this regard, 
three factors including aridity, dust and fire were selected as the indicators of desertification in our 
research. In a similar study, Nunez et al. (2010) investigated four indicators of desertification: aridity, 
fire, erosion and groundwater. In another work, Shiravi et al. (2016) applied six indices at a local 
scale: aridity, land use, wind erosion, soil erosion, salinity and vegetation. In Lorestan Province, the 
annual frequency of dusty days increased from 83 to 95 d during the period 2012-2015. Regarding 
the adverse impacts of dust storms on environments, including vegetation destruction and even land 
degradation, dust is regarded as an important indicator in desertification assessment in the current 
study. 

In the present study, the combination of the aridity index and dominant species was used to 
obtain the ecoregion map of the study area. Moreover, in order to generalize the method of Nunez 
et al. (2010) in Lorestan Province, we recommend that land use type should be considered in 
obtaining the ecoregion map. In addition to the advantages of the LCA method, there are also some 
disadvantages of this approach, such as the lack of a single method for assessing the life cycle. 
Researchers and managers have chosen different methods with various criteria and purposes to 
assess the life cycle (Nunez et al., 2010; Shiravi et al., 2016; Attarod et al., 2017). For these 
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Fig. 6 Spatial distributions of characteristic factor (CF) values for aridity (a), fire (b) and dust (c) indicators and 
the LCI (life cycle inventory) desertification value (d) for the 6 types of ecoregions in Lorestan Province. LCI 
desertification value=CF value of aridity+CF value of fire+CF value of dust. LCI desertification is the 
desertification risk for the life cycle impact step. The higher the LCI value, the greater the desertification potential. 


Table 5 Characteristic factor (CF) values for the three indicators and the LCI desertification value for the 6 types 
of ecoregions of Lorestan Province 


Heuston CF LCI desertification 

Aridity Fire Dust value 
Ecoregion 1 0.11 0.24 0.51 0.86 
Ecoregion 2 0.13 0.19 0.47 0.79 
Ecoregion 3 0.35 0.49 0.44 1.28 
Ecoregion 4 0.46 0.67 0.31 1.44 
Ecoregion 5 0.85 0.89 0.25 1.99 
Ecoregion 6 0.81 0.84 0.24 1.89 


Note: Ecoregion 1, dry sub-humid ecoregion with Astragalus adscendens as the dominant species; Ecoregion 2, dry sub-humid ecoregion 


with Quercus brantii as the dominant species; Ecoregion 3, semi-arid ecoregion with Astragalus adscendens as the dominant species; 
Ecoregion 4, semi-arid ecoregion with Quercus brantii as the dominant species; Ecoregion 5, arid ecoregion with Astragalus adscendens as 
the dominant species; Ecoregion 6, arid ecoregion with Quercus brantii as the dominant species. 


methods, weighting requires the selection of numerical values and there is no scientific basis for 
selecting these values. Obtaining the required information is the most difficult stage of LCA. 
Therefore, the availability of required information, time and financial resources is most important 
in making an appropriate assessment. 

In the study area, arid ecoregion with Astragalus adscendens as the dominant species and arid 
ecoregion with Quercus brantii as the dominant species showed the high desertification potential. 
These two ecoregions were mainly distributed in the southern and southwestern parts of the 
province, namely Poldokhtar and Koohdasht counties. The tendency of maximum desertification 
potential in these regions can be attributed to the extreme aridity, soil degradation (including low 
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soil organic matter and soil permeability; Bayat et al., 2011), increase of surface runoff, natural 
hazards (such as dust storms) and human activities (such as deforestation, overgrazing and 
intensive use of agricultural lands). 

In arid ecoregion with Astragalus adscendens as the dominant species and arid ecoregion with 
Quercus brantii as the dominant species, although the dominant plant communities were different, 
both the two ecoregions were highly sensitive to desertification. Drought has a profound effect on 
vegetation type and coverage density. It has been observed that the impact of aridity on 
desertification is higher than the influence of vegetation cover. Our results are in agreement with 
the findings of Shiravi et al. (2016), who indicated the highest effect of aridity in determining the 
vulnerability of ecosystems in Khorasan Razavi Province, Iran. Therefore, to control the risk of 
desertification in the study area, we recommend that protective measures should be taken to reduce 
the effect of aridity and consequently, to increase vegetation cover. 

In the eastern part of the study area, the total dusty days of 930-1160 d during the study period 
2000-2015 were observed in dry sub-humid ecoregion with Astragalus adscendens as the dominant 
species and semi-arid ecoregion with Astragalus adscendens as the dominant species, represented 
by high CF values of 0.51 and 0.44, respectively. In these ecoregions, however, LCI desertification 
values were relatively low (0.86 and 1.28, respectively). Therefore, there is an inverse relationship 
between LCI desertification value and CF value of dust indicator. Increase in LCI desertification 
value and decrease in CF value of dust indicator were observed in ecoregions with Quercus brantii 
as the dominant species. Thus, ecoregions with Astragalus adscendens as the dominant species 
generally exhibited lower sensitivity to desertification than ecoregions with Quercus brantii as the 
dominant species. Since dust phenomena in the study area have external origin, the dust particles 
are just suspended in atmosphere. This condition (dust particle suspension) may reduce sun light 
intensity and plant evapotranspiration rate when the amount of precipitation is low. The impacts of 
dust particle suspension can be related to the type of plant community and the time discrepancy of 
dust events with the growth period of Astragalus adscendens community. 

In terms of fire indicator, the highest tendency of desertification took place in the southern, 
southwestern and western parts (arid ecoregion with Astragalus adscendens as the dominant 
species and arid ecoregion with Quercus brantii as the dominant species) of the study area. 
Repeated fires induced vegetation degradation and land use change, which have increased the 
sensitivity of these ecoregions to desertification. The reason for this can be attributed to extreme 
drought and vegetation types that have a high sensitivity to fire. In addition, human factors cannot 
be ignored in analyzing the occurrence of fire. The issue therefore shows the necessity of proper 
management in these ecoregions, otherwise an irreversible crisis might occur. 

Generally, it can be stated that aridity and fire have significant impacts on desertification in 
Lorestan Province, and consequently, they are prioritized to control the desertification risk and 
protect ecosystems in the study area. 


5 Conclusions 


In the current study, an LCA method was used to assess the desertification potential in Lorestan 
Province. Three indicators, including aridity, fire and dust, were selected for the LCA method. We 
calculated the LCI desertification value for each type of ecoregion based on the CF values of aridity, 
fire and dust indicators. 

The CF values of aridity index showed that arid ecoregion with Astragalus adscendens as the 
dominant species and arid ecoregion with Quercus brantii as the dominant species had higher 
desertification potential than other ecoregions. In terms of fire indicator, the higher desertification 
potential also occurred in these two ecoregions. However, in view of dust indicator, there was an 
inverse relationship between LCI desertification value and CF value of dust. Generally, aridity and 
fire exhibit high impact on desertification in the study area. In future researches, except for aridity, 
fire and dust indicators, we recommend the addition of social and economic factors to evaluate the 
effects of desertification on life cycle studies. 
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